INTRODUCTION

35
In vitro-grown oocytes are a potential oocyte source for the in vitro production of embryos in the cattle 36 industry. Although live calves derived from in vitro-grown oocytes have been reported by several research 37 groups, the low viability of oocytes during in vitro growth (IVG) culture (Yamamoto et al. 1999; Senbon OGCs cultured for 12 days with BMP-4 served as an in vitro-grown control. OGC viability was assessed 88 at the end of the IVG culture. Morphologically normal OGCs enclosed by several compact layers of 89 granulosa cells were considered viable ( Fig. 1 ). In addition, the diameters of IVG oocytes were measured 90 before and after the IVG culture using an inverted microscope connected to a CCD camera (Moticam 91 2000; Shimadzu Rika Corporation, Tokyo, Japan) and image processing software (Motic Images Plus 2.2s,
92
Shimadzu), as previously described (Huang et al. 2013) . The diameter of artificially denuded oocytes 93 following an in vitro maturation (IVM) culture was considered to be the diameter after the IVG culture. 
98
39°C, in a humidified atmosphere with 5% CO2 as previously described (Nagano et al. 2013) . The IVM 99 medium consisted of HEPES-buffered TCM199 supplemented with 0.2 mM sodium pyruvate, 0.02 100 IU/mL FSH (from the porcine pituitary), 1 μg/mL estradiol-17β, 10% FCS, and 50 μg/mL gentamicin 101 sulfate. After the IVM culture, denuded oocytes were stained with 1% (W/V) aceto-orcein, and oocytes 102 classified as metaphase II (MII) by observations under a phase-contrast microscope were considered to be the pre-IVM culture significantly improved nuclear maturation rate (approximately 90%) and the Groups cultured for 12, 14 or 16 days with BMP-4 were used to evaluate in vitro developmental competence because 16-day IVG oocytes without the BMP-4 treatment showed low OGC viability. After taurine, 1 mM glucose, and 3 mg/mL fatty acid-free BSA. Cleavage and blastocyst rates were assessed absence of BMP-4. When the duration was extended from 12 to 16 days, OGCs showed similar viability However, in the absence of BMP-4 (58.9%, P < 0.05) in the 16-day culture, viability was lower than days without the BMP-4 treatment were similar (Table 1) . No significant differences were observed in 149 oocyte diameter or nuclear maturation between 16-day IVG oocytes with and without the BMP-4 150 treatment (P ˃ 0.05).
151
As shown in Table 2 , 16-day IVG oocytes with the BMP-4 treatment had significantly lower cleavage 152 rate (13.8%) than those of 12-and 14-day IVG oocytes (50.3 and 36.0%, respectively; P < 0.01).
DISCUSSION
162
In the present study, an extension of the culture period from 12 to 16 days for the IVG of OGCs in 
323
OGCs assessed as viable and degenerated were shown in A and B, respectively.
324
Scale bar = 100 µm.
326
Figure 2
Effects of the IVG culture duration and BMP-4 treatment on OGC viability.
327
OGC collected from early antral follicles (0.5-1 mm in diameter) were cultured for a normal culture 328 duration (12 days) with BMP-4 or for a prolonged duration (16 days) with or without BMP-4 (10 ng/mL). (2) 16 80 (4) 13.8 ± 7.5 c 0 c -In vivo-grown † -82 (4) 87.5 ± 5.4 a 36.4 ± 2.2 a 145.3 ± 61.5 a (30) † Oocytes collected from antral follicles (2-8 mm in diameter) served as the in vivo-grown control.
